The fibroblast is a key mediator of wound healing in the heart and other organs, yet how 2 3 it integrates multiple time-dependent paracrine signals to control extracellular matrix 2 4 synthesis has been difficult to study in vivo. Here, we extended a computational model to 2 5 simulate the dynamics of fibroblast signaling and fibrosis after myocardial infarction in 2 6 response to time-dependent data for nine paracrine stimuli. This computational model 2 7
We extended a large-scale computational model of fibroblast signaling [23] to be more 1 1 0 relevant for subsequent experimental study of fibroblast phenotype dynamics in vivo. As 1 1 1 described in previous studies [22, 50] , the signaling model was implemented as a system 1 1 2 6 of logic-based differential equations with default normalized reaction and node 1 1 3 parameters. Here, the input nodes were separated from their associated ligand, and 1 1 4 outputs associated with collagen maturation (e.g. LOX) and myofibroblast differentiation 1 1 5 (e.g. contraction) were added [24] [25] [26] [27] [28] [29] [30] [31] . See Supplementary Methods for more details. A 1 1 6 schematic of the network model highlighting the added interactions and nodes is shown 1 1 7
in Figure S1 . To simulate a post-MI setting, we fit idealized time-dependent curves to experimental 1 2 1 timecourse data for the paracrine signals that act as inputs to the signaling model: IL1, 1 2 2 IL6, tumor necrosis factor α (TNFα), angiotensin II (AngII), endothelin-1 (ET1), TGFβ, 1 2 3 norepinephrine (NE), platelet-derived growth factor (PDGF), brain natriuretic peptide 1 2 4 (BNP; corresponding node in the model is natriuretic peptide or NP). In the logic-based 1 2 5 network model, inputs and signaling nodes are normalized to a continuous range from 0 1 2 6 to 1, where 1 represents a maximal level. The mechanical input was maintained at a 1 2 7 normalized level of 0.6 throughout the post-MI simulation, because mechanical strain 1 2 8 remains constant throughout the infarct healing timecourse in rats [32, 33] . Idealized 1 2 9
time-dependent multi-exponential curves ranging from normalized levels of 0.1 to 0.6 1 3 0 were fit to timecoursedata from previous studies [34] [35] [36] [37] [38] [39] [40] [41] (see Supplementary Methods). Due to a lack of available post-MI time course data from rat infarct zone alone, where 1 3 2 needed, we incorporated studies that measured these paracrine factors in rat whole heart 1 3 3 or border zone, or human serum post-MI (see Table S1 ). To predict how single-cell changes in collagen expression lead to tissue-level 1 3 5 changes in percent collagen area fraction, we adapted a previously published model of 1 3 6 tissue-level collagen accumulation dynamics [42] and coupled it to the signaling model and III mRNA levels predicted by the signaling model (Figure S2) . MMP activity is 1 4 0 approximated as a time-dependent function based on data from rat or mouse infarcts [43- We validated model predictions of post-MI collagen I and III mRNA dynamics 1 4 7 against independent experimental data collected in rat infarcts [37, 48] , in order to be 1 4 8 consistent with the species used to develop the model and input curves (rat or human 1 4 9 data). The predictions from the tissue-level model were validated against the collagen 1 5 0 area fraction measured in rat infarcts [49] . after myocardial infarction [16, 49, 54 ], yet the complexity of the dynamic in vivo fibroblast signaling network to identify paracrine and intracellular drivers of extracellular 3 5 0 matrix synthesis in specific phases of post-infarct healing. By integrating experimentally-3 5 1 based post-MI dynamics of nine paracrine stimuli, the model accurately predicted the 3 5 2 dynamics of collagen expression as validated against experimental data from rat infarcts. The model also predicted that NOX overexpression would increase collagen, The dynamic modeling approach outlined in this study allowed for a direct 4 3 0 comparison between specific signaling pathways and the phases of fibroblast phenotype, The main limitation of this study is that the model predicts post-MI contributions : . Overexpressed nodes that did not affect collagen mRNA in any condition are not shown. 
